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Abstract 
Simulation results of the thermal power plant fed with pulverized coal (PC) including CO2 capture have been performed using the 
Aspen Plus software. The flue gases containing CO2 from post-combustion have been captured by ammonia and 
monoethanolamine solvents. Ammonia solvent has been used in two processes by direct contactor (without a membrane 
contactor) and by indirect contactor (membrane). A parametric study has been conducted to clarify the optimal conditions to 
capture CO2 by ammonia. The comparative study suggests that the use of ammonia as a solvent in chemical absorption is the 
most interesting process for the PC thermal power plant. The capture process by indirect contactor (membrane contactor) reduces 
efficiency decrease to only 6.3 points. 
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1. Introduction 
Nowadays rising energy production is associated with increasingly greenhouse gases (GHG) emissions. Despite 
of concerns about GHG emissions in atmosphere, fossil fuels will probably remain the main source of primary 
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energy for a long time. The process of CO2 capture generally recommended is the chemical absorption with 
monoethanolamine (MEA) [1], because it has high water solubility and fast kinetics [2]. The main problem of this 
process is the regeneration cost of amine [3]. An alternative solution consists in absorbing CO2 by ammonia aqueous 
solution [4, 5]. Ammonia solvent is reactive and it has low enthalpy of the system NH3-CO2-H2O [6]. The main 
disadvantage of using this solvent is the ammonia slip. Several authors have studied ammonia losses. They avoid 
ammonia slip by the use of additives in the solvent [7, 8]. 
However, the energy cost of absorption /regeneration cycle is still very high; therefore the efficiency penalty due 
to CO2 capture is high as well. Kanniche et al. [9] have presented a technical and economic study in determining the 
choice of a system for CO2 capture. They suggest that post-combustion capture by amines should be used for NGCC 
(Natural Gas Combined Cycle). Their calculations show that the highest efficiency with capture is obtained for 
NGCC with post-combustion capture, with an efficiency of 50% compared with 60% without capture. The lowest 
efficiency is obtained with post-combustion capture in PC power plant, equal to 30% which is 15 points less than PC 
without capture with a system that use MEA as solvent. 
Corti and Lombardi, [10] have been studied the reduction of CO2 from the flue gases of a semi-closed gas turbine 
combined cycle (SCGT/CC) by means of absorption in ammonia aqueous solutions. The removal of CO2 (efficiency 
of 89 %) decreases the overall cycle efficiency the SCGT/CC from 53 to 41 %. In comparison with amine absorption 
system, the efficiency the SCGT/CC was 46 %. According to NETL technical report [11], CO2 capture by ammonia 
is more efficient than the MEA. At the same time, the loss of electrical efficiency in pulverized coal power plant is 
lower for CO2 capture by ammonia.  
To improve capture processes, intensify the gas-liquid transfer and reduce these costs, membrane contactor, have 
been developed and coupled to the chemical absorption [12, 13]. Membrane is a physical barrier which allows a 
selective transfer of a component of a mixture as a result of its activity gradient. The advantages of membrane 
contactor are: the independence of the liquid and gas flow, large specific interfacial area, compactness, modularity 
and scale-up is simple [14]. The first solvent used to capture CO2 through a membrane contactor was water and then 
were used chemical solvents such as MEA, DEA, MDEA and blended amines [15, 16]. The use of ammonia for 
capturing CO2 through a membrane contactor has been used many years later and early studies recently [17].  
The purpose of this study is modelling CO2 capture from a pulverized coal fired power station and estimated 
power station efficiency when CO2 capture is integrated. A comparison between ammonia solvent and MEA is made 
by direct contactor (without membrane contactor) and a comparison using direct contactor and indirect contactor 
(membrane contactor) is made using ammonia as solvent.   
2. Flowsheet description 
The pulverized coal fired power plant of 583 MW has been modelled with the process software Aspen PlusTM 
(Fig. 1). Inlet air is modeled as a mixture of nitrogen (79%) and oxygen (21%) at 0.1013 MPa, 288.15 K and relative 
humidity of 60%. The air flow rate is adjusted in order to keep the oxygen molar ratio at 4% in the flue gas. The air 
required for the combustion of coal is preheated by the outgoing flue gases of the boiler in the heat exchanger 
(Recup). Coal combustion is modeled in two steps: 
1. Coal break-down within Aspen Plus’s RYield bloc (decomp.) into conventional species as C, S, N2, O2 and 
H2 at 20 °C. The formation enthalpy difference between coal and conventional species is extracted from 
Aspen Plus’s RGibbs block (Rgibbs) and connected to RYield block via heat stream.  
2. Thermo-chemical equilibrium between decomposition products and air (minimizes Gibbs free energy in 
Aspen Plus’s RGibbs block) with formation of CO2, H2O and SO2. The heat generated by the exothermic 
reactions allows evaporating liquid water in the heat exchanger (mur). The flue gasses then go back into the 
boiler by transferring the heat in several heat exchangers: 
x Exchangers (eco1) and (eco 2) are economizers 
x The other exchangers in the boiler are superheaters of water vapor at intermediate pressure (IP) and high 
pressure (HP). Exchanger (sht) is the last superheater of the high pressure steam and heat exchanger (rht) is 
the reheater steam intermediate pressure. The low pressure steam is not reheated. 
The IP and HP steam is passed to the individual stages of the steam turbine. The steam is drawn off at the output 
of stage (Th7) and (Th6) for preheating the water before the HP liquid boiler (heat exchangers (SBT)). Steam is 
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drawn off at the output of stage (Th5) for powering a turbine driving the compression pump of liquid water (PMP2). 
Steam is withdrawn regularly MP and BP stages of the turbine (output of (Th5), (Th4), (Th3) (Th2) and (Th1)) for 
preheating the liquid before entering water the boiler (heat exchangers (sated) (Re1) (Re2) (Re3) (Re4) and (baca)). 
Condensing pressure output from the last stage of the turbine (ECHP) is set to 3900 Pa, a temperature of 301.7 K. 
All flows of water vapor are condensed in the exchanger (cond). The water tank located after this exchange is to 
301.7 K. The pump (PMP1) compresses liquid water to 1.204 MPa before being fed into the preheating circuit. The 
characteristics of each stage of the steam turbine are summed up in Table 1.  
        Table 1. PC characteristics stages of the steam turbine 
 isentropic 
efficiency 
outlet pressure  
Th7 0.79 3.7381 
Th6 0.97 2.2297 
Th5 0.93 1.1103 
Th4 0.92 0.4136 
Th3 0.86 0.1059 
Th2 0.86 0.0431 
Th1 0.84 0.0147 
Echp 0.72 0.0039 
 
The Redlich-Kwong-Soave model has been used for all operation units except for the steam cycle where the 
STEAMNBS model has been used. The characteristics of carbon composition are shown in Table 2. 
       Table 2. Ultimate analysis (dry) of coal composition 
Pressure MPa 1.953 
Temperature K 294.8 
Carbon wt % 69.35 
Hydrogen wt % 4.45 
Nitrogen wt % 1.04 
Oxygen wt % 7.51 
Sulphur wt % 1.00 
Ashes wt % 16.65 
LHV kJ kg-1 25756 
HHV kJ kg-1 26851 
 
The coal flowrate is 56 kg s-1 and the air flowrate is 581.4 kg s-1. The heat input of the boiler represents 1442.3 
MW (LHV) and power exchanged in the boiler 1281.8 MW. The net electrical power is 555.6 MW with an 
efficiency of 38.5% (LHV).The power plant emits 857 g kWh-1 of CO2.  
2.1. Thermodynamics 
The simulation of CO2 absorption was developed using the Aspen Plus®. The physical properties of the 
following compounds are provided in Aspen Plus®: water (H2O), carbon dioxide (CO2), oxygen (O2), nitrogen (N2), 
ammonia (NH3), triethylene glycol (TEG) (C6H14O4). The ELECNRTL thermodynamic model was selected to take 
into account interactions between species during separation steps. All the binary interaction parameter values needed 
for these models were provided by Aspen Plus® library. 
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Fig. 1. Pulverized coal power plant. 
 
 
Fig. 2. Flow diagram of CO2 capture using membrane contactor developed on Aspen Plus. 
2.2. Simulation of Capture process  
The absorption of CO2 by aqueous solvents and its regeneration was simulated with the software Aspen Plus TM 
V7.2. The flue gas coming from PC power plant (Table 3) is compressed and cooled before to the entry column. 
CO2 is washed by a countercurrent with the solvent. The rich solvent leaving the absorber is pumped and sent to a 
heat exchanger where it is preheated by the regenerated solvent recovered at the bottom of the stripper. The stripper 
regenerates the solvent with heat supplied by the condensation of low pressure steam in the reboiler. After 
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regeneration, lean solvent is recycled to the absorber. The condenser at the top of the stripping column withdraws 
the bulk of water present in this stream by cooling. The water is reinjected into the stripper while the CO2 stream is 
compressed to 6.5 MPa in a four-stage intercooled compressor. Then it is dehydrated by a triethylene glycol process. 
The CO2 is then compressed to 150 bars. The water vapour required for the reboiler of the stripper can be extracted 
at approximately 4 bars. By considering a pressure loss of 1 bar between the point of extraction and the reboiler, the 
condensation temperature of this vapour is 133.55 °C. This temperature level fixes the maximum temperature in the 
reboiler since this latter must be smaller than the steam temperature. 
As for conventional processes, the CO2 capture process using a membrane consists of equivalent steps (Fig. 2). 
The flue gases are first compressed and then come in a heat exchanger where they are cooled by the clean gas 
leaving the contactor. Then, they enter the membrane contactor where the CO2 is separated from the other 
components. The membrane acts as a filter and the components are separated by selectivity. Then the CO2 is 
absorbed by an aqueous solution of ammonia. The solvent enriched in CO2 is pumped before the regeneration 
column to minimize the final compression work. The rich solvent is preheated in a second heat exchanger by the 
solvent recovered at the bottom of the regeneration column. The remainder of the process is the same as that 
described in the case of direct contact. 
Table 3: Flue gases characteristics (PC) 
                                      Composition/% mol                               Operating conditions 
H2O 5.55   
CO2 11.71 Flow/kmol.s-1 646 
O2 6.69 Pressure/MPa 0.0913 
N2 76.05 Temperature/K 369 
3. Results and discussion 
3.1. Recovery process optimization 
Characteristics of the absorber 
The flue gas must be compressed to make up for the head loss in the absorber. In addition, as ammonia is very 
volatile, increasing pressure in the column could be reducing ammonia losses. A sensitivity study was made to 
assess the compression impact on the solvent flow, solvent loss and on the compression work of the flue gas. Six 
pressures have been tested: 0.11, 0.12, 0.13, 0.15, 0.2 and 0.22 MPa (Fig. 3). A solvent with 3 wt% of NH3 and a 
lean loading of 0.25 mol of CO2/ mol NH3 was used. An increase of the pressure from 0.11 MPa to 0.22 MPa, 
results in power consumption that exceeds 55 MW. The work required to compress the flue gases from 6 to 34. At 
the same time, the solvent flow rate decreased from 213 to 192 kmol and ammonia loss decreased by 6 to 2% lost in 
the column. The benefit on the reduction of solvent loss is negligible compared to the work of compression. It must 
be add a scrubber to remove ammonia leaving the top of absorption column. Thereafter, the flue gases are 
compressed to 0.12 MPa to compensate the pressure drop, and the amount of solvent used. 
 
A sensitivity analysis was performed on the number of trays of the absorption column in order to minimize the 
solvent flow. The evolution of the solvent flow is shown in Fig. 4 for an aqueous solvent containing 3 wt% of NH3 
with a lean loading of 0.2 mol CO2/mol NH3. The increase in the number of trays is beneficial to the process. 
Indeed, if the amount of solvent used is lower, the heat duty required to regenerate the solvent decreases. However, 
from a number of trays, the variation becomes negligible. Subsequently, we consider six trays. 
 
Influence of ammonia concentration and lean solvent loading 
The effects of ammonia concentration and lean loading on the solvent flow and heat duty were assessed. The 
different sensitivity studies show that solvent flow is as low as the ammonia concentration is high and as the lean 
loading is low. For a lean loading of 0.1 mol CO2 / mol NH3 the rich loading reaches 0.65 mol CO2/ mol NH3 for a 
solvent containing 3 wt% of  NH3 and 0.5944 mol CO2 / mol NH3 for solvent containing 5 wt% NH3. 
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Fig. 3. Influence of the flue gas pressure – CO2 recovery = 90 % – NH3 
 
 
Fig. 4. Solvent flow versus number of trays in the absorber - CO2 recovery = 90 % 
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Characteristics of the Stripper 
Before entering the regeneration column, the solvent is pumped in order to reduce ammonia loss, to compensate 
pressure drop in the regenerator column and reduce the final compression work of CO2. Ammonia concentration 
chosen was 3 wt. % with a lean loading of 0.25 mol CO2/mol NH3. 
As for the absorption column, a sensitivity analysis is made on the number of trays of the regeneration column to 
reduce the regeneration heat duty. This heat duty decreases as the number of trays increases. Subsequently, we 
consider 10 theoretical plates. 
 
 Compression work 
There are three locations of compression in the capture process: 
1. Compression of flue gas before the absorption column; 
2. Pumping solvent rich in CO2 before regeneration column; 
3. The final compression work required to increase the pressure of the CO2 stream to 150 bar. 
3.2. Comparison between ammonia solvent and conventional amine MEA 
                                                Table 4:  Performances of a power plant CF with aqueous solvent scrubbing 
Solvent  NH3 MEA 
Concentration wt % 3 30 
Lean loading mol/mol 0.2 0.2 
Thermal regeneration  MW 24.80 88.35 
Steam turbine power output MW 530.8 467.25 
Flue gas compression MW 25.9 20.91 
Power consumption for CO2 compression MW 25.6 33.71 
Auxiliary consumptions MW 28 27.46 
Net power output MW 451.3 385.17 
Net electrical efficiency %-point 31.3 26.71 
Net efficiency loss %-point 7.2 11.82 
CO2 emissions g.kWh-1 107 123.61 
Avoided CO2 g.kWh-1 750 733.31 
 
For PC thermal power plant, CO2 capture by an ammonia solution is more efficient than with MEA. At the same 
time, the loss of electrical efficiency is lower for CO2 capture with a solution of ammonia. Ammonia solvent with 3 
wt% of NH3 with a lean loading of 0.2 mol CO2 / mol NH3, declining performance reached 7.2 % points (Table 4). 
The net electrical efficiency of the plant is 31.3 % (HHV) which is lower to the loss of efficiency process with the 
MEA as solvent 11.82.  
3.3. Comparison between direct and indirect contactors 
The use of a membrane contactor has the advantage that the flue gas needs less compression before injecting into 
the contactor to clean-up the flue gases. This is due to the fact that the pressure drop in the contactor is lower 
compared to a column. Considering a large flow rate of flue gas to be cleaning in economy is expected. The flue 
gases go into the contactor, they circulate at the inner fiber and the liquid phase flows counter-current outside the 
fibers. The CO2 loading of the liquid phase moves from its value at the input of contactor at its highest value when it 
leaves the contactor. The geometrical characteristics of membrane contactors used are shown in Table 5. 
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                                            Table 5: Characteristics on hollow fiber modules (Oxyplus®) 
Fiber o.d (μm) 380 
Fiber Length (m) 1 
Packing fraction, φ 0.4 
Number of fibers bundle per contactor 100 
Number of fibers per bundle 5000 
Number of contactors 1974 
Volume (m3) 562 
Interfacial area (m2.m-3) 4212 
 
The equations governing the behaviour of CO2 in the membrane are related to diffusion. The CO2/N2 separation 
mechanism in the membrane is governed by the following equations [18]: 
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Where ] is CO2/N2 selectivity Rp is the pressure ratio, Yi is the permeable species mole fraction, X is the mole 
fraction of the input composition, V is the permeation ratio (m3.s-1), A is the membrane area (m2) and Jp is the 
membrane permeation flux (m3m-2s-1). 
Table 6:  Performances of a PC power plant with and without a membrane contactor 
Solvent  Without 
contactor  
With 
contactor 
Concentration wt % 3 3 
Lean loading mol/mol 0.2 0.2 
Steam turbine power output MW 530.8 467.25 
Flue gas compression MW 25.9 13.5 
Power consumption for CO2 compression MW 25.6 25.6 
Auxiliary consumtions MW 28 27.46 
Net power output MW 451.3 464.4 
Net electrical efficiency %-point 31.3 32.2 
Net efficiency loss %-point 7.2 6.3 
CO2 emissions g.kWh-1 107 103 
Avoided CO2 g.kWh-1 750 754 
 
The compression of the flue gases by direct contactor is responsible for a decrease of 1.8 points of the plant 
performances. On the other hand, the use of indirect contactor (membrane contactor) led to a decrease of only 0.9 
points of performance (Table 6). This value is due to the low pressure drop in the contactor. The value used for the 
pressure drop is 50 mbar, recommended limit for the absorption step value. The use of a membrane contactors 
process allows considering the loss of solvent by zero. Nevertheless, the materials that make up the contactor do not 
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completely contain ammonia, even if there is a decrease in lost ammonia, which led to a decrease of the costs of the 
replaced solvent. Thus, using a washing column must be implemented to remove ammonia from the clean gas. The 
loss by the compression of CO2 at the end of the capture process is the same in direct contact and indirect contact 
because the amount of CO2 is about the same. 
4. Conclusion 
Various simulations have shown that the CO2 capture by chemical absorption is an effective solution to separate 
CO2 from flue gases. Ammonia based process reduced the cost of regeneration and minimizes the thermal power 
efficiency decrease. The simulations presented in this study show that efficiency loss 7.2 % for ammonia and 
11.82% points for the MEA solvent. The capture process by indirect contactor (membrane contactor) reduces 
efficiency decrease to only 6.3 points. Need to continue the search for more developed processes to further reduce 
the cost associated with CO2 capture. 
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